This study investigated the reciprocity between parental mental health and the different stages of child development at 6, 18, and 36 months. As the pilot of a birth cohort study, this study comprised 2048 children and their parents who were randomly selected and invited to participate. The development of these children and the mental health of their parents were followed at 6, 18, and 36 months postpartum. Child development was assessed using the Taiwan Birth Cohort Study instrument, and parental health was assessed using the Taiwanese version of the 36-Item Short Form Health Survey. Complete responses for all three stages were received from 844 families. Our results showed that parental mental health had a direct effect on language and social development; however, this effect did not become significant until 36 months. The reciprocity between child development and parental mental health and proper intervention are vital.
Introduction
The role of mothers in the development of children has been studied extensively. Since a proportion of mothers have postpartum depression w16x, a number of studies investigated the effect that maternal depressive symptoms might have on children w15, 22, 33x. Kahn et al. w18x found that when the mother has a poorer mental health, the father's better mental health may decrease the negative consequences that the maternal poor mental health might have on the behavioral and emotional development of the child. Additionally, greater paternal involvement may reduce the effect of maternal depression w26x, and have a positive impact on child development w36x. However, in addition to the mothers, a proportion of fathers has also reported depression after birth w13x. If both parents have poor mental health, the children might have more severe behavioral and emotional problems w18x. Therefore, when investigating the influence of maternal mental health on children, paternal mental health should also be explored, for it may influence the effect that maternal mental health might have on children.
Montague and Walker-Andrews w27x found that as early as 3.5 months, infants were able to differentiate their maternal expressions, but the paternal or of unfamiliar adults. Kochanska and Akasan w20x similarly found that at seven months, infants were able to react to the socialinteractive, mood regulation and influencing attempts of both parents. This research shows that very early in infanthood, parent-child relationship patterns already have an effect on young children.
Many studies reported on the effect of mental symptoms on the way parents interact with their children w29, 30x, but few studies investigated the persistent effect of parental health on children at such a young age, and even fewer studies investigated the effect of paternal mental health on children in the first few years of life w13, 19x. Cabrera and colleagues w5x reported that the sociocultural context in which children develop in the 21 st century differs from that of their parents. Now, a higher percentage of mothers enter the work force w39x, leading to increased paternal involvement in parenting. Therefore, a need exists to consider the fathers, mothers and family structure in the investigation of child development w5x. Besides the effect of parental mental health on child development, children of low birth weight are more likely to have slower motor development w6x, which affects maternal psychological distress until the age of two, and these parents still have increased parenting stress than do mothers to term babies at the age of three w32x. In the same line, parents of autism spectrum disorders w8x and other chronic illness w28x also experience higher parenting stress than others. Therefore, besides the effect of parental mental health on child development, the child's own development might, in turn, affect parental mental health.
In addition to parental mental health, parental level of education also has a significant effect on child development w24x. In addition to parental mental health and level of education, characteristics of birth weight and gestational age might also affect later child development. A previous study found that birth weight affects child's growth until age nine w4x. Other studies found that low birth weight and shorter gestations were associated with delayed motor development w6x. Therefore, in this study, parental level of education, birthweight and gestational age are included in our analysis as adjusted variables to exclude possible moderating effects on parental mental health and child development.
Using structural equation modeling, three different models were tested. The first model constructed the effect of parental health at six months on child development at 6, 18, and 36 months, and the non-recursive effect of children development affecting parental mental health ( Figure 1A ). The second model constructed the effect of parental health at 18 months on child development at 18 and 36 months, and the non-recursive effect of children development affecting parental mental health ( Figure 1B ). The third model constructed the effect of parental health at 36 months on the child development at 36 months, and the non-recursive effect of child development affecting parental mental health ( Figure 1C ). All dotted lines represent possible significant pathways. The aim of this study was to investigate the influence of different stages of paternal and maternal health on the development of children, as well as the non-recursive effect of child development on parental mental health, and difference between these effects at 6, 18, and 36 months.
Patients and methods
The protocol of this study was approved by the institutional review board of a teaching hospital. All children born between October 2003 and January 2004 in the Taichung area (Taiwan) were qualified to participate in this study. Of the 21,535 newborns in the 29 villages or cities in this area, 2048 were randomly selected, and they and their parents were invited to participate in this birth cohort pilot study. These children and their families were followed at three stages: when the children were 6, 18, and 36 months old. The participation rate is shown in Figure 2 : 844 (41.21%) out of the 2048 families completed all three surveys at all three stages. All parents gave their informed consent for this study.
The parents were contacted at the three stages and if the parents agreed to participate in the study at the particular stage, the research assistant would visit the family at their home. The parents were asked to fill out a demographic information sheet, the Taiwan Birth Cohort Study (TBCS) developmental instrument, and each parent had to complete a Taiwanese version of the 36-Item Short Form Health Survey (SF-36).
The TBCS developmental instrument is a cultural-sensitive, comprehensive, short instrument assessing the development of children at 6, 18, and 36 months in Taiwan. It is a parent-report instrument measuring child development in the four domains of gross motor, fine motor, language and social development. The TBCS has good reliability and validity w23x.
Parental health status was assessed using the Taiwanese version of the SF-36 w17x; this inventory includes 36 questions measuring the overall physical and mental health of an individual. The Taiwanese version was translated from the American version of the SF-36 developed by Ware and colleagues w40x; this instrument has a high reliability and validity in both the USA and Taiwan w7, 11, 38x. Although the SF-36 yields mental and physical health scores, mental health was the only area of interest in this study, so the physical health scores were not included in the analysis.
The demographic distribution of the families was analyzed using descriptive analysis in SPSS version 15.0 for Windows (Chicago, IL). Since only 41.21% of the participants completed all three measures in this study, comparisons between the followed-up and dropped-out family distribution were analyzed to ensure that our sample represented the larger randomly selected sample. The relationship between parental mental health and children characteristics at 6, 18, and 36 months were investigated using structural equation modeling. Structural equation modeling used the x 2 -test to analyze the overall fit of the model. Models resulting in P)0.05, and goodness-of-fit )0.9 indicate that the model adequately describes the observed data. Structural equation analysis was processed using AMOS 7.0 (SPSS) Figure 3 .
Results
The demographic distributions of the followed-up and dropped-out families are shown in Table 1 . The comparisons showed statistically significant differences between parental marital status (Ps0.003), with a higher proportion of non-married but cohabiting parents in the dropped-out group. Additionally, there were differences in maternal levels of education, with those willing to follow-up being of higher education (Ps0.053). There were 446 males (52.8%) in the study group. Average maternal and paternal ages were 27.76 and 31.89 years, respectively.
The effect of parental mental health at six months adjusted for parental level of education, birth weight and gestational age on child development at 6, 18, and 36 months is shown in Figure 1A . The model resulted in a P-value of 0.126 and adjusted goodness-of-fit of 0.974. The results suggest that mothers of children with better gross motor and language development at six months had better mental health at six months (gross motor: Ps0.005; language: Ps0.018), and mothers with better mental health had children with better social development at 36 months (Ps0.006). Conversely, children of fathers with better mental health had better language development at 36 months (Ps0.048).
The effect of parental mental health at 18 months adjusted for parental level of education, birth weight and gestational age on child development at 18 and 36 months is shown in Figure 1B . The model resulted in a P-value of 0.262 and adjusted goodness-of-fit of 0.980. The results suggest that mothers of children with better social development at 18 months had better mental health (P-0.001). Additionally, fathers of children with better gross motor development at 18 months had better mental health (Ps0.005). Figure 1C shows the effect of parental health at 36 months adjusted for parental level of education, birth weight and gestational age on child development at 36 months. The structural equation model resulted in a P-value of 0.845 and goodness-of-fit of 0.991. Mothers of children with better fine motor development at 36 months had better mental health (Ps0.054), in turn, mothers with better mental health had children with better gross motor development (Ps0.003). On the other hand, fathers of children with better social development had better mental health (Ps0.038).
All three Figures show that child development at the current stage is predictive of later stages; Figure 1A shows that child development at six months is predictive of development at 18 months, which, in turn, predicts the child's development at 36 months. Furthermore, maternal and paternal physical and mental health are significantly correlated.
Discussion
Our results suggest that parental mental health had a direct effect on child development; however, this effect is not significant until the children are 36 months old. On the other hand, at 6 months, child development affected maternal mental health and this effect expended to the mental health of both parents at 18 and 36 months.
The difference in the dimensions of child development and parental mental health can be interpreted as differences of attention of parents at the different stages of development since parenting practices are expressions of parental beliefs which is vital in child developmental niches w35x. During infanthood, mothers are generally the main caregiver, and fathers are more involved in social interaction w1x, thus our study found that at 6 months, maternal mental health were more affected by child development, but this effect was not evident in fathers. Nevertheless, paternal involvement in care giving generally increases over time w1x, thus our study found that at 18 and 36 months, the mental health of both parents were affected by child development. Our results suggest that until 36 months, fathers paid more attention to gross motor and social development but not to other dimensions, which is consistent with previous observations that fathers typically dedicate more time to socially interact with their children w1, 21x.
At all three stages of six our results showed that maternal and paternal mental health was significantly correlated. This is consistent with previous observation which found that depression in one partner correlates with depression in the other w2, 31, 34x. Additionally, the impact of parental mental health on the development of 6-month-old children implies that at six months, children are possibly aware of their parents' emotional changes. Montague and Walker-Andrews w27x found that at 3.5 months, children were capable of differentiating their mother's, but not their father's expressions. Psychoanalytical investigators proposed that the beginnings of the separation-individuation phase between mother and child is at the age of about five or six months w14, 25x.
Although in our study parental mental health at six months did have an effect on child development, this effect was not evident until children were 36 months old. At six months, maternal mental health affected children's social development at 36 months, and paternal mental health affected children's language development at 36 months. In Thomasgard and Metz model of the stages of emotional development w37x, children learn the expression of emotion through modeling these behaviors from others in their environment that use these words to express emotions, thus showing that language is closely linked with the child ability to express emotion w37x. However, our results further show that, at 36 months, when children are older and more sensitive to their parents' emotions, maternal mental health had an instant and direct effect on child gross motor development. This is in line with previous studies suggesting that when children fail in attempting to express their emotions in words, they will express them by action w37x. Therefore, children of mothers with mental health symptoms are at a higher risk of having behavioral and emotional problems w18x.
A limitation of our study is that all measurements were from self-report instruments. However, previous studies have shown that parental reports on the concerns of their children are highly reflective of true problems w10, 12x. In addition, parents who are depressed may have a bias in reporting their child development; however, a previous study showed that even though there is a bias of depressed mothers in reporting their children condition, there is still an association between maternal depression and child behavior w3x. The second limitation is the high drop-out rate in this study. This is a critical issue in a randomized urban longitudinal study, since the parents feel no obligation to provide us with such information. There is however, a difference in parental marital status and maternal level of education between the two groups, thus our results might be more suitable for middle class married and cohabiting families. The third limitation is that although we tried to adjust for parental level of education and characteristics of birth weight and gestational age, there are many other factors which may effect child development. Additionally, precipitating factors may mediate between parental mental health and child development. Thus the direct effect of parental mental health on child development will be reduced and these precipitating factors will show stronger effects. However, these data and results still provide useful information regarding the interaction between parental health and child development.
Increasing attention has been focused on the effect of parents with postpartum depressive symptoms w13, 16x on their children w18, 30x. There is a high risk of couple morbidity in postpartum depression w9x. Our study showed that additionally, until 36 months, children own development has a non-recursive and vital effect on parental mental health. Thus the recognition of postpartum parental mental health and the reciprocity between child development and parental mental health are vital. Clinicians should be aware of parents of children with developmental delay and follow the effect the developmental status on parenting stress. Intervention should be provided to these parents to alleviate their mental health condition when necessary.
